areas of ignorance. The exact sites of action of the steroids, their interactions with hypophysial, renal and other hormones as well as with the corpuscles of Stannius are all arcane and require further elucidation.
One species that is well suited to the study of adrenal androgen production is the marsupial Trichosurus vulpecufu (the Australian brush-tailed possum). In this species the adrenal cortex has a large capacity to synthesize C19 steroids in uitro from precursors such as [3H]pregnenolone and [14C] progesterone, and apparently also secretes testosterone into the adrenal vein in vivo (Chester-Jones et uf., 1964; Vinson et al., 1971) . In addition, it was found that an inner adrenocortical zone, that lies adjacent to the medulla and is prominent only in the female, has a greater capacity to form testosterone than the remainder of the gland (Vinson et al., 1971) .
It seemed worth while to investigate the mode of control of androgen secretion in this and in another marsupial species, Didelphis uirginiunu (the North American opossum), and to compare the findings with those obtained with rat adrenocortical tissue.
Animals
Trichosurus were trapped in the wild and maintained in the Department of Zoology, Australian National University, Canberra, A.C.T., Australia. Studies on this species were performed in uiuo. Blood was obtained and the animals were subjected to successive treatments of pregnant-mare serum, human chorionic gonadotrophin and ACTH* over periods of I week per treatment as previously described (Vinson, 1974) .
Didelphis were trapped in the wild and maintained as previously described (Renfree, 1974) . In addition to studies in uiuo (Vinson & Renfree, 1975) , adrenal tissue was also removed from these animals after they had been killed by Nembutal injection for study in uitro. The glands were immediately removed from the animal, cleaned and stored on ice until required for incubation (usually within 30min).
White Wistar rats, obtained from A. Tuck and Son, Rayleigh, Essex, U.K., were killed by cervical dislocation and their adrenals immediately excised for study in vifro.
Incubations
With adrenal tissue from Didelphis and from the rat, two types of incubation were performed: one with radioactive precursors to determine the nature of the products and the second without added precursors to investigate the mode of stimulation of hormone secretion.
Products from radioactive precursors
Minced adrenal tissue (about 200mg/10ml of medium) was incubated with [4-14C]-progesterone (0.1-1 .O,uCi; specific radioactivity 0.2,uCilpg) and/or [7a-3H]pregnenolone (1-10,uCi; specific radioactivity 2-62,uCi/pg) for 2h at 37°C in Krebs-Ringer bicarbonate solution.
In extracts from both rat and Didelphis adrenal incubations, testosterone was identified as a product from both pregnenolone and progesterone.
By using systems of chromatography previously described (Vinson ef a] ., 1971), characterization rested on mobility of the material in systems 1 and 2 as the free compound, in system 2 as the acetate, and in system 2 after hydrolysis of the acetate and subsequent oxidation to androstenedione. When [14C]progesterone alone was the precursor, authentic [3H]androstenedione was added to the extracted material at this stage, and the mixture was rechromatographed in systems 5,6 and 7. In all cases constant 3H/ 14C ratios were demonstrated throughout the procedures, showing homogeneity of the biosynthetic and authentic material. In incubations where [3H]pregnenolone and [14C]progesterone were used together, procedures were identical except that no addition of authentic material was made. In this case, too, constant 3H/'4C ratios were obtained in the final procedures, showing homogeneity of the doubly labelled product. These findings are consistent with those already reported for Trichosurus (Vinson et al., 1971) .
The major corticosteroid product in Didelphis was identified as cortisol by using previously described methods (Vinson et al., 1971) , and the yields of labelled testosterone * Abbreviation: ACTH, adrenocorticotrophin. and cortisol were approximately similar. This also compares with Trichosurus findings (Vinson et al., 1971) . In the rat adrenal incubations, yields of labelled testosterone were about 1 % of those of corticosterone.
Production of steroids from endogenous precursors in vivo and in vitro
Didelphis adrenal tissue and pairs of rat adrenals were minced and incubated in flasks containing lOOmg of tissue/ml and lOmg/ml of Ringer solution respectively. After 30min the preincubation medium was discarded and replaced with fresh Ringer solution. Control incubations received no further additions. In the experimental flasks additions were made as follows. For ACTH, Didelphis incubations received the addition of 1Opg of Synacthen (CIBA) to the incubation medium in each flask and rat incubations 1 pg. For follicle-stimulating hormone, Didelphis incubations received the addition of 1 pg per flask and rat incubations 2pg. For luteinizing hormone, Didelphis incubations received 1 pg and rat incubations 0.5pg. Steroids were extracted with ethyl acetate, and suitable samples were prepared for assay, by radioimmunoassay for testosterone and by competitive protein binding (with transcortin) for an index of total corticosteroid production (Vinson, 1974) .
In Trichosurus, treatment on successive weeks with pregnant-mare serum, human chorionic gonadotrophin and ACTH gave values for circulating androgen and corticosteroids as shown in Fig. 1 . Circulating corticosteroids were unaffected by the gonadotrophins, whereas ACTH treatment gave the expected increase. In contrast, androgen concentrations were increased by a week of treatment with pregnant-mare serum, and unaffected by the subsequent treatment with human chorionic gonadotrophin, whereas ACTH lowered the circulatingconcentrations to a value significantly below both the gonadotrophin-stimulated value and the original control value. It is therefore clear that in this case ACTH and the gonadotrophins have effects that to some extent oppose each other. Similar effects of stimulation by trophic factors were obtained with Didelphis adrenal tissue incubated in vitro (Fig. 2) . Here the addition of ACTH to the incubation media significantly increased the production of total corticosteroids, whereas the yield of testosterone was unaffected. Follicle-stimulating hormone added to the incubation medium significantly stimulated the production of testosterone but not corticosteroids, whereas the addition of luteinizing hormone apparently increased the outputs of both hormone types.
Results obtained with incubated rat adrenal tissue show a marked contrast with the marsupial findings (Fig. 3) . In the rat, glands from females were used in all the experi- mental groups, but a series of control male incubations was also performed for comparison. Expressed as steroid formed per mg of protein, it is clear that male and female glands have a similar capacity to produce corticosteroids, although it should be borne in mind that the gland of the female (about 55mg per pair) is at least 50% larger. Addition of follicle-stimulating hormone to the incubation media caused a significant increase in corticosteroid output. In the experiments illustrated the elevation brought about by luteinizing hormone was not significantly different from controls, although significant stimulation has been shown in subsequent studies. Under the conditions used, stimulation of corticosteroid output by the gonadotrophins was at least as effective as that by ACTH. Values given by a radioimmunoassay more specific for corticosterone than the competitive binding method gave essentially similar results.
In contrast, it can be seen that testosterone production by the female gland is twice as high as the males on a protein-weight basis. In this case the addition of luteinizing hormone or follicle-stimulating hormone to the incubation media appears to depress testosterone production (although this has not been substantiated in later experiments). ACTH on the other hand produces a substantial stimulation of testosterone output.
Conclusions
The findings reported here suggest that the secretion of testosterone may be a normal function of the adrenal cortex throughout the mammals. The marsupials appear to have a capacity to form testosterone from radioactive precursors that is greater than that reported by other authors with human adrenals (Kase & Kowal, 1962; Ward & Grant, 1963) , although this is not completely reflected in the profile of steroids formed from endogenous precursors. It is evident (and somewhat surprising) that the rat adrenal also has a capacity to produce testosterone. Hitherto the rat adrenal has usually (although not always) been considered to be devoid of a steroid 17a-hydroxylase, and thus secretes corticosterone as its major corticosteroid product (see Vinson & Whitehouse, 1970) . The pathway for testosterone production therefore requires elucidation.
One point common to the marsupial and the rat findings is that the production of testosterone is not exclusively linked to the production of corticosteroid, and the secretion of the two hormone types may to some extent at least be controlled independently. That testosterone secretion should be stimulated by gonadotrophins in the marsupials but by ACTH in the rat (in which gonadotrophins specifically stimulate corticosteroid secretion) is more surprising. At present it is difficult to find a unifying hypothesis for
